Recently an essential role of interstitial cells of Cajal (ICC) within myenteric plexus (ICC-MY) was suggested in ascending contraction and descending relaxation in the mouse ileum. The role of ICC in these neural reflexes was examined in the distal colonic segments prepared from the wild type and c-kit mutant, W/W V mice, in the present study.
Introduction
In the intestinal tract, local distension by either inflation of a small balloon or mechanical radial stretch induced contraction (ascending contraction) or relaxation (descending relaxation) at the region oral or anal to the distended region, respectively. Such neural reflexes have been suggested to have an important role in the motility of the gastrointestinal tract. Cholinergic or tachykinine neurons are proposed to be possible candidates for the excitatory motorneurones of Correspondence to: Dr. Tadayoshi Takeuchi, Department of Veterinary Pharmacology, Graduate School of Agriculture and Life Sciences, Osaka Prefecture University, Sakai, Osaka 599-8531, Japan Phone: ascending contraction (see for review, Furness and Costa, 1987) . In contrast, inhibitory motor neurons of descending relaxation are variable from region to region of the intestinal tract. The role of nitric oxide in the descending relaxation was shown in the rat ileum (Kanada et al., 1992; Kanada et al., 1993) , proximal colon (Hata et al., 1990a) and distal colon (Grider, 1993; Okishio et al., 2000a) . Some studies also reported a role of vasoactive intestinal peptide (VIP) in the descending relaxation in the middle of distal colon (Grider and Makhlouf, 1986; Grider and Rivier, 1990; Grider, 1993) and the distal colon (Okishio et al., 2000a) of the rat. However, there is no report on such neural reflexes in the mouse intestine. We first examined the mediators of ascending contraction and descending relaxation in the mouse intestine in a previous study . Since ascending contraction in the mouse ileum was inhibited in the presence of atropine, it appeared to be mediated by acetylcholine (ACh). Similarly, since descending relaxation was inhibited by an inhibitor of nitric oxide synthesis, N G -nitro-L-arginine (L-NOARG), and recovered by the substrate, L-arginine, it appeared to be mediated by nitric oxide.
It is well known that interstitial cells of Cajal (ICC) are present in various portions of intestinal wall; within longitudinal and circular muscle layer, myenteric plexus, deep muscular plexus and submucosal plexus (see for review ; Thuneberg, 1999; Hanani and Freund, 2000) . In the mouse ileum, ICC are present in the myenteric (Auerbach's) plexus (ICC-MY) and deep muscular plexus (ICC-DMP). Interestingly, in the ileum of c-kit mutant mice, W/W V in which ICC-MY are selectively lost, the ascending contraction and descending relaxation are not induced. It was therefore suggested that ICC-MY have an essential role in ascending contraction and descending relaxation in the mouse ileum . It was also proposed that ICC-MY have an essential role in the neurotransmission step from afferent sensory neurons to efferent excitatory or inhibitory neurons, probably at the myenteric plexus region . In the mouse distal colon, the presence of ICC-MY in the wild type and W/W V mice was described (Ward and Sanders, 2001) , but the presence of other ICC in the distal colon has not been studied in detail. In the present study, we examined in detail the localization of ICC in the mouse distal colon and the mediators of ascending contraction and descending relaxation in this tissue. We also examined using c-kit mutant mice the association of ICC with the neuronal reflexes.
Materials and methods
The c-kit mutant mice, WBB6F1-W/W V and wild type mice (+/+) (8-week-old) were purchased from Japan SLC (Shizuoka, Japan). The origin of parental strains has been previously described in detail (Go et al., 1980; Yokoyama et al., 1982) . The animal experiments were performed using procedures approved by the institutional Animal Use and Care
Committee at the Osaka Prefecture University. The mice were anaesthetized with ether and then decapitated. Segments of 3 cm of the whole distal colon were removed and placed in Tyrode solution (mM): NaCl 137, KCl 2.7, CaCl2 1.8, MgCl2 1.1, NaH2PO4 0.42, NaHCO3 11.9 and glucose 5.6. The contents in the excised segments were gently flushed out with Tyrode solution and the segments were equilibrated at 37°C for at least 30 min before the experiment in 20 ml of Tyrode solution aerated with 95% O2 and 5% CO2. Drugs were added to the organ bath in volumes that were less than 1% of the bathing solution (<200 µl); these volumes did not affect the spontaneous contractile activity or muscle tone.
Recording of ascending contraction and descending relaxation in response to the stimulus of distension
The methods used to record ascending contraction and descending relaxation were similar to that described in the experiments recording descending relaxation of the rat colon (Hata et al., 1990b) . In brief, mouse distal colonic segments were held horizontally with the side adherent to the mesentery at the bottom in a specially designed organ bath (Fig. 1) . For a balloon to dilate the intestine, we used the ARASHI dilation catheter (Terumo Corporation, Tokyo, Japan) aimed for improving myocardial coronary blood flow in the localized stenotic lesion, with some devices adapted to our purpose. The balloon was introduced into the lumen and positioned at the middle of the segment. The balloon was inflated with 0.1 or 0.15 ml air from the syringe to produce slightly greater local distension than that produced by a faecal bolus so that the balloon was inflated (3.0 mm in diameter, 8 mm in length). The duration of distension was 15 s. To record ascending contraction, the mechanical response of the circular muscle about 1.0 cm oral to the balloon was recorded, by connecting a frog heart clip to a small area of the wall opposite to the anchor and then connecting the clip via a thread to an isotonic transducer (TD-112A, Nihonkohden, Tokyo, Japan). To record descending relaxation, the mechanical response of the circular muscle about 1 cm anal to the balloon was recorded. Thus, ascending contraction and descending relaxation were recorded from both the oral and the anal side of the distal colon, respectively ( Fig. 1 ). Both ends of the segment were free. This arrangement allowed preferential recording of the response of the circular muscle. The circular muscle was subjected to a resting load of 0.5 g. The extent of contraction or relaxation was expressed as the area either above or below the line of resting tone that was drawn on the bottom of resting spontaneous activity, as described elsewhere (Kishi et al., 2000; Okishio et al., 2000a) .
Recording of responses of strips without submucosal layer to electrical field stimulation (EFS)
The small strips (3 × 5 mm) were prepared from the anal part of the distal colon by dissecting the tissue along the long axis of circular muscle cells. The submucosal layer was removed with a blade as far as possible. The strips were suspended in an organ bath containing 5 ml of Tyrode solution maintained at 37°C and bubbled with 95% O2 and 5% CO2. One end of each segment was attached to a transducer and the other end was mounted on an anodal electrode placed at the bottom of the bath. After an equilibration period of 30 min, responses to EFS with trains of 100 pulses of 0.1-ms width, 30 V intensity, and 10 Hz frequency, were recorded isotonically with a 10-min interval between tests.
Immunohistochemical study of c-Kit protein
Immunohistochemical study was carried out by the method described previously Fujita et al., 2003) . Briefly, mice were deeply anesthetized with pentobarbital sodium (50 mg/kg, i.p.), and the intestine was fixed by transcardiac perfusion. The distal colon was dissected to three parts, the oral, middle and anal part (Fig. 1) . The tissues were postfixed with 4% paraformaldehyde in 0.1 M phosphate buffer for 24 h, dehydrated with 30% sucrose solution, and then frozen. Short segments of the intestine were inflated and the mucosa was removed with a small razor, and the remaining strips (5 × 5 mm) were pinned to the silicon rubber. The tissues were fixed for 10 min at 4°C with 100% acetone. Following fixation, whole-mount preparations were washed three times with phosphate-buffered saline (PBS) and then placed in PBS containing 0.5% triton X-100, 1% bovine serum albumin, and 10% normal goat serum for 1 h at room temperature to avoid nonspecific staining. The preparations were then incubated with anti c-Kit (1 : 2000) antibody in PBS at 4°C for 24 h. Immunoreactivity of c-Kit antibody was detected using conjugated anti-rat IgG secondary antibody (Molecular Probes, Eugene, OR, USA). Conforcal images were obtained under a laser scanning microscope (MRC-1024; Bio-Rad, Hertfordshire, UK).
Antibody
Mouse monoclonal antisera against c-Kit (2B8) was purchased from Pharmingen (San Diego, CA, USA).
, L-arginine and D-arginine were purchased from Sigma Chemical Co., St. Louis, U.S.A. Prostaglandin F2α, atropine sulfate and tetrodotoxin were from Wako Pure Chemical, Osaka, Japan. (Fig. 2) . Observations were the same in every site examined from the oral to the anal part of the distal colon. In SLC-W/W V mice, the number of ICC-MY was very significantly decreased in the oral part of the distal colon and ICC-MY were absent in the middle and anal part. In the oral part, ICC-MY were only sparsely present, like an islet. ICC-IML and ICC-IMC were also absent in all parts examined. However, ICC-SMP remained unchanged. Thus, only ICC-SMP are intact in the mutant mouse distal colon when compared to the wild type mouse (Fig. 2) .
Results

Localization of ICC in the mouse distal colon
Ascending contraction and descending relaxation induced by local distension in distal colonic segments prepared from wild type and the W/W V mice
Distal colonic segments were held horizontally in a specially designed organ bath to record ascending and descending responses to local distension. At rest, circular muscle of the colonic segments prepared from wild type mice exhibited spontaneous rhythmic contractions. On local distension, distal colonic segments showed contraction of circular muscle oral to the distended region (Fig. 3) . The ascending contraction of circular muscle was induced in all colonic segments of wild type mice examined (n=7). Tetrodotoxin (TTX), at a concentration of 1 µM, inhibited contraction (n=3). Since atropine (1 µM) also inhibited the contraction (n=3), ACh was suggested to be a neurotransmitter released from efferent excitatory motor nerves in the distal colon (Fig. 3) .
Local distension also induced relaxation of circular muscle anal to the distended region (Fig. 4) . The descending relaxation was followed by a contraction. TTX (1 µM) inhibited the responses. N G -Nitro-L-arginine (L-NOARG) at concentrations up to 100 µM did not have any significant effect on either the spontaneous contractile activity or the tone of the circular muscle.
However, in the presence of 100 µM L-NOARG, local distension-induced descending relaxation was significantly inhibited (62.0 ± 3.3% of control, mean ± s.e.m., n=4). L-Arginine, but not Darginine, at a concentration of 1 mM gradually reversed the effect of L-NOARG, causing in 20-30 min complete reversal in all segments tested (n=4) (Fig. 4) . Thus, nitric oxide released from the efferent inhibitory motor nerves was suggested to be one of the mediators for the descending relaxation in the distal colon. The distal colon of the c-kit mutant mice, W/W V mice, exhibited similar peristaltic movements to those observed in the wild type mice when the abdomen was opened. Intestinal contents of the mutant mouse distal colon were also similar to those in the wild type mice in appearance and volume. Circular muscle of the distal colonic segments prepared from the c-kit mutant mice also exhibited spontaneous rhythmic contractions with similar amplitude and frequency to those observed in the wild type (Fig. 5) . The resting tone was determined by measuring the maximal relaxation induced by papaverine (30 µM). The maximal relaxation in the mutant mice (0.49 ± 0.02 mm, n=4) was similar to that seen in wild type mice (0.44 ± 0.01 mm, n=5), suggesting no significant change in the resting tone in the mutant mice. On local distension, ascending contraction and descending relaxation were also induced in the oral side (Fig. 5a ) and the anal side (Fig. 5b) of an inflated balloon, respectively. The ascending contraction was completely inhibited by atropine (n=3), and the descending relaxation was inhibited by L-NOARG (60.0 ± 2.6% of the control, n=4) and the inhibition was almost completely reversed by L-arginine (n=4) (Fig. 5) . Thus, there was no change in spontaneous activity, resting tone, and ascending contraction and descending relaxation in the mutant mouse distal colon. Contractile and relaxant responses were induced by electrical field stimulation (EFS) in the distal colonic strips without submucosal layer prepared from W/W V mice. Since, as noted above, ICC-SMP were remained unchanged in the mutant mouse distal colon, the responses of the small strips without ICC-SMP to EFS were examined. Small strips (3 × 5 mm) were dissected from the anal part of the distal colon along the long axis of the circular muscle cells and the submucosal layer was removed (see Methods). EFS-induced responses in the small preparations do not include long pathways for ascending and descending reflexes via interneurones within the myenteric plexus, but include only the final step of the pathways, that is, neurotransmission from the efferent motor neurons to the effecter smooth muscle cells. EFS induced contraction of circular muscle of the strips. Atropine (1 µM) completely inhibited the contraction (n=3) (Fig. 6a) . In the next part of the experiment, the muscle tone of the preparations was raised in the presence of PGF2α (1 µM) to examine EFS-induced relaxant response. Under the conditions used in the experiment, EFS induced a transient relaxation with a subsequent contraction (Fig. 6b) . The relaxation was significantly inhibited by 51.6 ± 5.1%
(n=4) in the presence of L-NOARG (30 µM) (Fig. 6b) . Addition of L-arginine (1 mM) to the bathing fluid reversed the effect of L-NOARG, a complete reversal was noted in 10-20 min. Thus, ACh-mediated contraction and nitric oxide-mediated relaxation were induced in the strips without any ICC (including ICC-SMP), suggesting that ICC have no role in these responses.
Discussion
The mediator of NANC relaxation in the mouse intestine has been studied extensively in longitudinal muscle (Young et al., 1996; Satoh et al., 1999; Satoh et al., 2001; Mukai et al., 2002) . In a previous study, we first examined the mediators of ascending contraction and descending relaxation (responses mainly reflected by those of circular muscle) in the mouse ileum.
Acetylcholine and nitric oxide were reported to mediate ascending contraction and descending relaxation, respectively . In the present study, we demonstrate that these neurotransmitters also mediate these neural reflexes in the mouse distal colon. Atropine always completely inhibited the ascending contractions, while L-NOARG did not completely inhibit the descending relaxations. Thus, it appears that a mediator, other than nitric oxide, also participates in the descending relaxation in the distal colon. The role of ICC in slow waves which were recorded in smooth muscle cells of the gastrointestinal tract has been extensively studied, especially by using c-kit mutant mice (see for review, Hirst and Ward, 2003) . However, there are few studies on its role in the motility of the gastrointestinal tract. A limited number of reports by studying the mechanical responses induced by EFS argued its role in motility (Maeda et al., 1992; Burns el al., 1996; Ward et al., 1998; Ward et al., 2000; Beckett et al., 2002) . Most notably the role of ICC in peristaltic movements has not been studied. From the results obtained in W/W V and its wild type mice, ICC-MY were postulated to be important for inducing slow waves, but not i.j.ps in the ileum (Ward et al., 1994) . Also in steel mutant and its wild type mice, ICC-MY were important for the slow waves, but not for EFS-induced e.j.ps and i.j.ps in the small intestine (Ward et al., 1995) . ICC-MY were also suggested to be important for inducing slow waves in the gastric antrum (Burns et al., 1996) . In contrast, ICC-IM were suggested to be important for i.j.ps and relaxation in the lower esophageal sphincter (Ward et al., 1998) , gastric fundus (Burns et al., 1996; Beckett et al., 2002) and pyloric sphincter (Ward et al., 1998) . The importance of ICC-IM in e.j.ps and contraction was also reported in the gastric fundus (Ward et al., 2000; Beckett et al., 2002) . An important role of ICC-DMP in i.j.ps and e.j.ps was also suggested in the small intestine (Ward et al., 1995) . Recently, we studied the association of ICC with mechanical responses in the mouse small intestine and postulated that ICC-MY have an essential role in inducing nitric oxide-mediated NANC relaxation of longitudinal muscle of the mouse ileum, and that ICC-MY also partly participate in EFS-induced contraction . More recently, we reported that, in the W/W V mouse ileum, the resting tone of circular muscle was lowered, spontaneous contractile activity was increased, and ascending contraction and descending relaxation were lost . Since ICC-MY were selectively lost in the tissue, an essential role of ICC-MY in ascending and descending neural reflexes in the mouse ileum was suggested in the study. When the abdomen of a mutant mouse was opened, there was no appreciable change in the appearance of the distal colon and the volume of contents, thus exhibiting a clear contrast to those in the ileum. Indeed, the resting tone and spontaneous contractile activity were similar in both mice when the segments were suspended in a Magnus apparatus. Furthermore, there was also no difference in ascending and descending neural reflexes between wild type and mutant mice. Immunohistochemical examination found that ICC present in the wild type mouse distal colon were almost lost in the c-kit mutant mice, only ICC-SMP remained unchanged. Results obtained in small strips, without a mucosal layer, excluded the participation of ICC-SMP in excitatory and inhibitory neurotransmission from efferent motor nerves to smooth muscle cells. Thus, the present results simply suggest that ICC have no important role, at least, in inducing ascending contraction and descending relaxation in the mouse distal colon, indicating a clear difference to the results in the ileum. However, the present study does not necessarily exclude the possibility that same kind of ICC negative for c-Kit antibody affects the motility. The diversity of inhibitory mediators in the gastrointestinal tract of rats has been previously demonstrated: differences exist between intestinal regions (se for review, ), strains (Okishio et al., 2000b) and ages (Takeuchi et al., 1998) . Differences in the inhibitory mediator among various intestinal regions were also shown in the ICR mouse (Satoh et al., 1999) . The present study demonstrates for the first time a difference in the role of ICC in ascending and descending neural reflexes in the mouse intestine, ICC-MY are essential in the ileum but ICC have no important role in the distal colon.
